In this paper we present some results for automatic characterization of galaxies from digital images. In a rst approach we try to characterize spirals and elliptical galaxies as realizations of MRF with di erent interaction parameters. In a second approach we attempt the characterization using some points on the galaxy contour that represent the shape of the galaxy, more precesily those with highest local curvature. Then we reduce the dimensionality of the problem using the boundary to characterize a galaxy shape.
Introduction
The rst time the problem of galaxy classi cation appeared in literature was in 1786, when William Herschel 7 published the rst volume of his catalog of nebulae and star clusters, classifying them into ve types of nebulae -bright, faint, very faint, planetory and very large-and three types of clusters. Since then many authors have proposed systems to classify galaxies but the most important classi cation system of galaxies was created by Hubble 8 . Hubble's work published in 1926 9 proposed a new classi cation system of extragalactic nebulae which extended his previous work 8 . The 10 , his classi cation scheme still remains as the bons of any classi cation system of galaxies based on morphological features.
In this work we will concentrate on the extraction of the morphological features determining a galaxy: general shape, the appearance of spiral arms and bars, the relative proportion of the spheroidal component in size and luminosity and so on. Many authors believe that any galaxy classi cation system conduted in this way is esentially qualitative and inevitably subjective to some degree and they propose what they call a quantitative classi cation. We want to see how much automatization can be achieved on the extraction and classi cation of morphological features.
2 Parameter estimation on the contour of a galaxy Taking into account that the two building blocks of galaxies are spirals and ellipses, in this section we will try to characterize these two objects as realizations of Markov Random Fields (MRF) (see below) with di erent interaction parameters.
We will consider here binary images with just an spiral or ellipse, the spiral being de ned by the expression r = exp(b ) proposed by Danver 3 to model the arms of galaxies, where determines the distance to the center of the galaxy and b determines the size of the angular increment.
These images are considered realization of the following MRF: We focus our attention on discrete 2D random elds de ned over a nite N 1 N 2 rectangular lattice of points de ned as L = f(i; j) : 1 i N 1 ; 1 j N 2 g. We assume that the random eld X consists of discrete random variables fX ij g taking values in f0; 1g . The distribution is speci ed in terms of second order neighborhood system 2 and cliques are those associated with 2 . For convenience, we simplify the labeling of x ij to x t with t = j + N 2 (i ? 1). The set of rst order spatial neighbors is denoted by fx t:r ; r = +1; ?1; +2; ?2g and the set of second order spatial neighbors by fx t:r ; r = +3; ?3; +4; ?4g (see Geman   6 ). The joint distribution is of the form and the parameters r ; r = 1; 2; 3; 4, in uences spatial dependence in the horizontal, vertical, diagonal and opposite-diagonal directions respectively.
Since the information to discriminate between the spirals and ellipses is contained in the contour of such objects we will perform the estimation of the f g only on those
points. Taking into account that the ellipses have isotropic properties the spirals lack we expected the second order parameters f r ; r = 1; 2; 3; 4g to be di erent for both objects. . Optimization of (1) was performed using a quadratic search routine Press et al 12 .
The results are shown in Table 2 It can be observed that the estimated parameters 3 and 4 are di erent values on a contour of a spiral arm (table 1) , hence the associated model is second order non-isotropic. While the estimation on an ellipse (table 2) produces equals values of parameters in both diagonal directions, obtaining the associated model as a second order isotropic.
It is obvious from the above tables that although the elliptical objects posses isotropy which the spirals lack, the di erence between the parameters for both images is not signi cant even for binary an perfect images. A di erent approach to the problem is necessary. It will be discused in the next section.
Characterization using landmarks
We now try to reduce the dimensionality of the problem using the curvature curve associated to the boundary of a galaxy shape to characterize the galaxy. More precisely, we suppose that all the information necessary to characterize a 2D galaxy shape it is on its boundary, and the characterization is possible using the information provided by their curvature curve and particularily their landmark points.
Then the rst step is to get a boundary estimation. To do this we need to divide the astronomical image into galaxy and background.
A Instead we use a model proposed in Geman 6 (see -C-in gure 1). The idea is to construct a MRF consisting of two coupled processes, one accounting for the labels and the other for the edges. The edge process is an auxiliary process. Let Geman   6 ). The segmentation is based on simulated annealing with the logarithmic temperature schedule t k = c log(1 + k) where t k is temperature during the k'th sweep, c = 3:5, 1 k 100. Our experimental results indicate that it's necessary to segment using four classes (L=4) instead of two classes ( L=2). The reason is that inside the galaxy three di erent regions appear: center, high greylevel pixels and medium greylevel pixels (see gure 2). The competition between the four regions increases the quality of the segmentation, recovering the basic geometric structure of the regions, while the use of only two classes produces an excesive smoothing and interpolation. Figure 2 We now use the curvature curve associated to the estimated boundary (frontier between galaxy and background) to characterize the galaxy shape, following the methodology given in Fdez-Valdivia et al 5 .
The points on the curve -boundary-representing the shape of the galaxy choosen to determine its shape are those with the highest local curvature. In particular we have to estimate the curvature values in each point of the curve and the minimum number of landmarks necessary to characterize the shape of the curve.
The main problem when we are estimating curvatures on a discrete curve is the noise from the discretization process. To avoid this e ect we have estimated the gaussian curvature at each point using the method proposed in Knoerr 11 . Once we have estimated one adequate smooth curvature curve, we estimate the landmark points following the method given in Knoerr 11 . Some results are showed in Figure 3 and Figure 4 . The presence of more than one landmark can be observed by each arm in the contour of a spiral galaxy. In contrast the curvature values in each point on the boundary of an elliptical galaxy are almost equal values and there are no landmarks in the shape. In all experiments we x the maximum number of landmark points that can be obtained.
